ABSTRACT. Solen grandis is an important economic and overexploited bivalve species. In order to perform its fine-scale genetic analyses, 105 pairs of microsatellites with polymorphism were identified through Illumina Hiseq platform and bioinformatic assembly technology in this study. The estimated fragment size ranged from 100 to 268 bp and the number of alleles per locus varied between 2 and 23. Observed and expected heterozygosities varied from 0.0667 to 1.0000 and 0.0966 to 0.9492, respectively. Fourteen loci deviated significantly from HardyWeinberg equilibrium after Bonferroni correction. These microsatellite markers developed in this study would be helpful for future genetic studies on S. grandis and closely related species.
INTRODUCTION
Solen grandis (Dunker, 1861) , a bivalve mollusk of the family Solenidae, has become an important cultured species in China due to its high nutritive (Dai, 2002) , high medical (Yang and Wang, 1996) and high economic value (Yuan et al., 2010) . However, population decline caused by overfishing and deterioration of marine environment have limited the aquaculture industry. Under the consideration of restoration and promising strain selection, related genetic analyses should be performed. Microsatellite loci, also known as simple sequence repeats (SSR), are widely used for detecting genetic diversity, association mapping, genetic linkage mapping, and population and evolution analysis owing to their advantages such as hypervariability, reproducibility, co-dominant inheritance, and extensive genomic coverage (Powell et al., 1996; Jiao et al., 2012) . So far, some microsatellite markers have been isolated for S. grandis (Yuan et al., 2010; Jiang et al., 2016) , but these do not satisfy the need of genetic studies and the development of its industry.
The purpose of this study was to use the next-generation sequencing (NGS) method (Illumina), which is more cost-effective and higher in throughput, to develop novel microsatellite markers for S. grandis. These new loci will greatly facilitate future genetic studies and brood stock management.
MATERIAL AND METHODS
Thirty wild S. grandis individuals were sampled successfully from Yantai in Shandong, China. Adductor muscles were collected and stored in ethanol, under -20°C condition. The modified phenol-chloroform protocol (Li et al., 2006) was used to extract genomic DNA. Genomic DNA quality and quantity were detected with the NanoDrop 2000 (Thermo Scientific, Wilmington, DE, USA) and 1.0% agarose gel.
Extracted DNA of one individual was randomly shotgun for specific fragments. The terminal of the fragments was repaired and 3' end was ligated with the A base. After combining with sequencing primers, approximately 170-bp fragments were purified, and then the library was constructed. The sequencing was performed on Illumina Hiseq 2000 platform.
The obtained sequence data were filtered and then subject to assembly. Microsatellite loci were identified using SSRHunter (Li and Wan, 2005) . The criteria used in SSRHunter were as follows: five repeats for di-, tri-, tetra-and pentanucleotide repeats. Those loci with enough flanking sequence were used for primer design using PRIMER 5.0 (http://www. premierbiosoft.com/). Each pair of primers was tested on 30 S. grandis individuals. PCR amplifications were performed in a reaction mixture (10 µL) containing 50 ng genomic DNA, 1X PCR Buffer (Mg 2+ plus), 0.2 mM of each dNTP, 0.25 U DNA ploymerase (TaKaRa) and 1 µM primer set. The thermo-cycling conditions were as follows: 3 min at 94°C, 35 cycles of 45 s at 94°C, 45 s at primer specific annealing, 45 s at 72°C and a final elongation of 5 min at 72°C. PCR products were genotyped by polyacrylamide gel and allele size was determined by a reference standard 10-bp ladder marker (Invitrogen).
Polymorphism information content (PIC) was calculated by program CERVUS 3.0 (Marshall et al., 1998) . Number of alleles per locus (N A ), observed heterozygosities (H O ) and expected heterozygosities (H E ) were analyzed by the Microsatellite Analyzer software (Dieringer and Schlötterer, 2003) . Deviations from Hardy-Weinberg equilibrium (HWE) and tests for linkage disequilibrium were performed by GENEPOP (Rousset, 2008) .
RESULTS AND DISCUSSION
It is well known that the development of microsatellite markers using enrichment techniques requires a great amount of effort. The NGS provides a more cost-effective and higher throughput method to generate this useful marker (Ji et al., 2012) . In this study, we used Illumina HiSeq 2000 platform to obtain 27,253.71 Mb clean data, which were assembled into 46,715 contigs (≥1 kb) and 46,877 scaffolds (≥1 kb), respectively.
From 250 loci we selected for microsatellite marker optimization, we found a total of 105 loci that were successfully amplified and proven to be polymorphic on 30 samples. It includes 50 dinucleotides, 43 trinucleotides, 10 tetranucleotides and 2 pentanucleotides ( Table 1 ). The mean number of individuals successfully genotyped was 29.5, which indicates excellent amplification efficiency of these primers. N A ranged from 2 to 23, with mean number of 8, and allele size varied between 100 and 268 bp. H O and H E ranged from 0.0667 to 1.0000 and 0.0966 to 0.9492, respectively. Fourteen loci significantly deviated from HWE after sequential Bonferroni correction (P ˂ 0.05/105), probably because of null alleles or excessive heterozygosity. No linkage disequilibrium between each of loci was found. In addition, PIC values ranged from 0.090 to 0.929. According to Botstein et al. (1980) , 103 loci of our study were highly or reasonably informative (PIC > 0.25). Compared to the traditional enrichment techniques and Sanger sequencing method, the development of 105 loci using the Illumina pair-end shotgun sequencing approach was a success. With 105 polymorphic microsatellite loci now developed and characterized in this paper, fine-scale genetic diversity and structure studies, as well as selection and mapping studies will be possible for S. grandis, which contribute to make reasonable recovery and management plans guiding aquaculture programs.
